Abstract-Cell to cell interactions can lead to cancer cancerous cells migration and invasion. Atomic force microscopy (AFM) provides a tool that can study the physical properties of nanoscale spatial resolution cells. By attaching individual cells onto the cantilever of AFM, cellular adhesion forces can be quantified, and this technique is called single-cell force spectroscopy (SCFS). In this work, we used AFM-based SCFS to detect adhesion forces between different cells (including cancerous cells and normal cells) and fibronectin, which improves our understanding of cellular adhesion behaviors.
I. INTRODUCTION
Cell adhesion refers to the adhesion between cells, which is a form of information exchange between cells [1] . Cell adhesion is involved in many biological processes including embryonic development, cell communication, inflammation and wound healing, tumor metastasis, cell culture, and so on [2] . The cell recognizes the cells that come into contact with it, or recognize the various signals that exist in the surrounding environment [3] - [4] , and transform them into various molecular functional changes in the cell, thereby changing certain metabolic processes in the cell and affecting the growth rate of the cell, even induce cell death [5] . Therefore, detection of cell adhesion can be used for cell biology. The single cell force spectrum technique can directly measure the cell adhesion at the single molecule level of a single cell [8] - [10] .
Cell adhesion molecules are molecules involved in the interaction between cells and cells and between cells and extracellular matrix [11] . Fibronectin (FN) is a kind of cell adhesion molecule. FN plays important roles in cell adhesion, migration, growth and differentiation [12] . FN is an extracellular glycoprotein found in body fluids in soluble form or in insoluble form in the extracellular matrix [13] . As one of the major cell adhesion molecules, FN plays a key role in many important physiological processes, such as embryo formation, wound healing, hemostasis and thrombosis. Alterations in fibronectin expression, degradation, and association are closely related to a large number of pathologies, including cancer and fibrosis [14] - [15] . In this work, we used SCFS to detect the adhesion forces between six types of cells and fibronectin. The experimental results provide novel insights into cell-fibronectin interactions. 
B. Cell lines
Six different types of cell lines were used, including A549, Bxpc-3, Neuro-2a, C2C12, HEK293 and L929. A549 and L929 cells were cultured in RPMI 1640 medium (Hyclone) containing 10% fetal bovine serum and Bxpc 3, Neuro-2a, C2C12, and HEK293 were cultured in DMEM/High Glucose medium (Hyclone) containing 10% fetal bovine serum (Hyclone) in 60 mm petri dishes.
C. Functionalization of AFM probe
According to the published protocol [16] , the type of AFM probe named MLCT-O10 with a nominal spring constant of 0.01 mN/m were used to functionalized. First, the probe was exposed to UV-radiation for 45 min and then incubated in 4 ml of 0.5 mg/ml biotin-conjugated bovine serum albumin, so that the liquid completely covers the probe, overnight at 37 . After using PBS to clean the probe three times, incubated it in 4 ml of 0.5 mg/ml streptavidin for 30 min. After washing with PBS for three times, the cantilevers were placed in 4 ml biotin-conjugated concanavalin A concentration of 0.4mg/ml for 30 min.
D. Fibronectin-coated surface preparation and single cell probe fabrication
The petri dish with diameter 60 mm was divided into two parts by a marker pen. One part of the culture dish was incubated in 0.1 mg/ml fibronectin for 1 h at 37 and the other part of the culture dish was incubated in 100 μg/ml BSA for 5 min [17] . After the incubation, the dish was washed by PBS.
When the cells grow to 80 % of the cell culture bottle, 0.5 % trypsin-EDTA are used to digest the cells, 1000rpm centrifuge 5min, and discard the supernatant. 1 ml PBS suspension cells were added to the cell precipitation. Taked a 200ul cell suspension and added it to the labeled Petri dish to incubate 5 min. Cells were allowed to bind weakly to the non-functionalized region of the petri dish substrate.
The single cell probe was prepared with the use of biological catalyst AFM (Bruker, Santa Barbara, CA, USA) under the guidance of an inverted optical microscope. Under the microscope, the control function probe cantilever slowly close to the functional areas of substrate of the single cell ( (Fig. b) , after 60 s control probe far away from the substrate. You can see that the single cell is attached to the functional probe (Fig. c) . The single cell probe is ready now. 
E. Single-cell force spectroscopy
For detecting cell-fibronectin adhesion forces, the cell probe was controlled to contact the dish substrate coated by fibronectin and reside for a period of time to allow the binding between fibronection and cells. Then the probe retracted from the substrate, during which the cell-fibronection bonds ruptured and a force peak appeared in the obtained force curves. First, the cell-fibronectin detachment forces were measured by changing the dwell times of AFM tip (0.1 s, 1 s 2.5 s, 5 s) on the 5 μm×5 μm fibronectin-coated substrate areas while the contact force was kept unchanged (1 nN). Then, the cell-fibronectin detachment forces were measured by changing the contact forces (1 nN, 2 nN, 4 nN, 8 nN, 10nN ) of AFM tip while the dwell time (0.1 s) was kept unchanged. For each measurement, 100 force curves were respectively recorded. 
F. Fluorescence microscopy of actin cytoskeleton
Cytoskeleton is a network structure composed of protein fibers in cells, mainly consisting of microtubules, microfilaments and intermediate fibers. It serves as a scaffold to maintain cell morphology and changes. Changes in cytoskeleton affect changes in cellular mechanical properties. AFM can be used to measure in situ the mechanical properties of a single living cell. The mechanical properties of six types of cells (A549, Bxpc-3, Neuro-2a, C2C12, HEK293, L929) were statistically analyzed, and their cytoskeletons were stained separately. The results were compared and the relationship between cellular mechanical properties and carcinogenesis was analyzed.
III. RESULTS

A. Dependence of FN/cells adhesion on contact time and trigger threshold
The interaction between cells and cells was recorded using AFM. AFM can record the process by which cells begin to approach, touch, and separate from each other in a force curved pattern. Each force curve contains a trace curve and a retrace curve. In Fig 2, the blue line is the trace curve and the red line is the retrace curve. Mutation peaks can be found in the red retrace curve when cells are separated from cells. We calculate the adhesion between cells by calculating and analyzing this mutant peak. For 0.1s, 1s, 2.5s, 5s and 10s contact times, the detachment forces between the six types of cells (A549, Bxpc-3, Neuro-2a, C2C12, HEK293, L929) and fibronectin were detected. From the results in Fig. 3(a) , it can be seen that the adhesion force increases as the contact time increases, and the adhesion of cancer cells is larger than that of normal cells. The results of detachment forces measured by altering the trigger threshold are shown in Fig. 3(b) . We can see that the changes of contact time did not result in the significant changes of adhesion forces. Table 1 Parameters used in the single-cell force spectroscopy tests 1 nN, 2 nN, 4 nN, 8 nN, 10 nN) .
B. Cellular mechanical properties
The results showed that cancerous cell lines (A549, Bxpc-3, Neuro-2a) are softer than healthy cell lines (C2C12, HEK293, L929). Around 100 force-distance curves (5μm×5μm areas for each cell) were analyzed for each group of cells. The average values of Young's modulus were calculated for the A549, Bxpc-3, Neuro-2a, C2C12, HEK293, L929 cells, respectively ( Fig. 4g-l) . The results revealed significant difference among the mechanical characteristics of six cell lines.
Actin plays an important role in cytoskeleton remodeling, affecting cell motility, invasiveness, tumorigenesis and metastasis [18] . Fig. 4a-f shows fluorescence images of the cell microfilaments stained by phalloidin in six types of cells respectively. The fluorescence results showed that on the whole normal cell lines had more pronounced filaments than cancerous cell lines, which resulted in the different mechanical properties of cells. 
IV. CONCLUSION
The results showed an opposite relation between cell-cell adhesion and the migration of cells. Adhesion forces of cancerous cells were smaller than that of healthy cells. AFM-SCFS technique was used to detect the adhesion between 6 cancer cells and healthy cells and fibronectin. From the test results, the adhesion between the cells and fibronectin increased with the increase of time, but the adhesion between the cells and fibronectin was increased, and the adhesion force was basically unchanged. Because fibronectin can regulate cell shape and cytoskeleton through cell signal transduction, promote cell spreading. Fibronectin is essential for the migration and differentiation of many types of cells. The adhesion of cancer cells to fibronectin was higher than that of normal cells, which confirmed that the migration and invasion of cancer cells were greater than that of normal cells. The young's modulus of 6 living cells was then detected, and the microfilaments were stained. The results showed that the cancerous cells were softer than the normal cells, and the fluorescence intensity of the cells around the cells was higher than that in the middle, while the fluorescence intensity of the normal cell microfilaments was more than the average. It indicates that cancer cells have higher mobility than normal cells. This paper studies the relationship between cancer cell migration and invasion and cell adhesion, cell mechanical properties and cytoskeleton, which lays a foundation for further research on cancer cell therapy and diagnosis.
